This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. (2) instead of reducing the Au(III) metal center into Au(I), which would be typical for the attachment of sulfur donors. Compounds 1 and 2 were characterized by spectroscopic methods and by X-ray crystallography. The spectroscopic details were explained by simulation of the UV-Vis spectra via the TD-DFT method. Additionally, computational DFT studies were performed in order to find the reason for the unusual oxidation state in the crystalline materials. The preference for Au(III) can be explained via various weak intra-and intermolecular interactions present in the solid state structures. The nature of the interactions was further investigated by topological charge density analysis via the QTAIM method.
Introduction
The chemistry of gold at oxidation state I is an area of intense practical and theoretical studies, especially in medicinal and photochemical applications. However, the chemistry of gold (III) complexes is less studied than that of gold(I), mainly due to their notorious toxicity and lower solubility and stability in aqueous media. Although gold at oxidation state I has been used in most studies of biochemical and pharmaceutical applications, Au(III), isostructural with Pt(II), has lately begun to receive more attention. For example, the combination of Au 3+ with antibiotics has offered promising results against resistant bacteria and seems to serve a broad range of medical applications. [1] High cytotoxicity of some Au(III) derivatives towards cancer cells at low concentrations has also been discovered. [2, 3, 4, 5] Reduction of gold(III) to gold(I) species is often involved in reactions with soft nucleophiles, such as sulfur compounds. The reduction mechanism and kinetics have been studied in greater detail, e.g.
for thioethers and thiocyanate. Coordination has been found to proceed via a direct two-electron transfer without observable intermediates. Another possibility includes at the first stage a substitution of, for example, the halogen by the ligand. Further attack of the ligand leads finally to the reduction of the metal center. [6, 7, 8] [11] , Cl -, SO 4 2- [12] or ClO 4 - [13] . The solid state structures were found to constitute linear S-Au-S moieties, which is typical for Au(I) compounds. Moreover, in the solid state structure of Tetramethylthiourea seems to be a ligand offering competitive reaction routes and variation of products. formation of additional Au-C-bond have been discussed. [26, 27] Hard donor ligands, such as nitrogen compounds, favor simple addition reactions to Au(III) centers.
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With soft donors, reduction of the metal center usually takes place as a consequence of addition/reductive elimination. In this study, we wanted to further clarify the subtle modifications of donor properties and their impact on reaction pathways. In our previous studies we have concentrated on thione ligands with mixed S/N-donor moieties, reduction of the metal center was observed.
[28] Now we have brought a N/N heteroatom system into contact with the thione group by investigating the reactions of AuCl 3 and Na [AuCl 4 ] with N,N´-tetramethylthiourea and 2-mercapto-1-methyl-imidazole.

Results and Discussion
Experimental crystal structures
Tetramethylthiourea reacted at room temperature with AuCl 3 leading to a formation of an orange solution, which was crystallized at low temperature (-20°C), giving orange crystals of [AuCl 3 (N,N´-tetramethylthiourea)] (1). The crystallographic details are summarized in Table 1 and the selected geometric parameters are presented in Table 2 . The structure of 1 is shown in Fig. 1 . This compound has been patented for catalytic applications, but the crystal structure has not been published. [29] Oxidation state III was maintained in the attachment of the ligand, which is rather The Au-Cl lengths are in the range of 2.282(2) to 2.306(2)Å, the longest being responsible for Cl (1) trans to S. The Au-S-C(1) moiety is bent with a bond angle of 103.7(2)°. n/a n/a Largest diff. peak and hole e.Å - 3 2.864 and -1.563 1.680 and -1.645 
120.9(6) Symmetry transformations used to generate equivalent atoms: A: x, 0.5-y, 0.5+z; B: 1-x, -y, 1-z; C: 1-x, -0.5+y, 0.5-z. 
105.64(14) ____________________________________________________ Symmetry transformations used to generate equivalent atoms: #1 -1+x, 1.5-y, -0.5+z; #2 1-x, -0.5+y, 0.5-z; #3 x, 1.5-y, -0.5+z 2D structure for 2 at the ac plane (a) and the bc plane (b)
The coordination process of neutral sulfur ligands to the Au(III) center generally depends on the metal to ligand ratio. The relative rates of reduction and substitution define the stoichiometry of the product. To study this behavior, we also carried out reactions with a metal:ligand ratio of 1:2.
However, 1 and 2 were obtained from a one hour reaction at room temperature and successive crystallization at low temperature. In a separate test, 1 was stirred with tetramethylthiourea ( The experimental UV-VIS spectra showed charge transfer absorbance at 328 and 241nm for 1, and the wavelengths of the largest bands for 2 were 353 and 224 nm, as can be seen in Table 4 and in the experimental details. A detailed analysis of the UV-Vis bands was performed by simulating the corresponding spectra in the CH 2 Cl 2 solvent with the TD-DFT method. Table 4 lists the most important excitations and their properties. The simulated spectra can be found as supporting information ( Figures S1 and S2 ). The calculated excitation energies were similar to the experimental values, thus they support the interpretation of the bands. In particular, the oxidation state of gold in the complexes could be seen in the larger wavelengths of the spectra of 1 and 2 rather than in the corresponding Au(I) complexes 1b and 2b (Table 4) , even though the lowest energy bands (at 472 nm and 487 nm for 1 and 2, respectively) were very weak and could only be seen in the experimental spectra as strong tailing of the bands. Fig. 6 . shows the appearance of the MOs in complex 1 that correspond to the excitations in Table 4 .
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The representation of the MOs for compounds 1b, 2 and 2b can be seen in Figures S3 and S4 .
13 Fig. 6 . The appearance of the molecular orbitals, which give rise to the most important excitations in the UV-Vis spectra in 1. For detailed interpretation of the bands, see Table 4 .
The HOMOs are mostly concentrated in the axial direction, with a large contribution to it from both thione sulfur and the chlorine trans. The gold d-orbitals take part in forming these higher occupied molecular orbitals. LUMO is represented by the orbitals at the square planar plane of sulfur, gold and the three chlorines, therefore verifying the importance of the donor properties of thione sulfur in the charge transfer process. Furthermore, since the contribution of the Cl(1) trans to thione S is slightly larger than that of the other two chlorines, more charge is transferred via the axial line. However, the most striking difference in the frontier molecular orbitals between Au(III) and Au(I) complexes can be seen in the constitution of LUMO, which in Au(III) compounds is almost completely concentrated on the S-Au-Cl 3 plane ( 
Topological charge density analysis
Properties of the electron density around each nuclei can give a lot of information regarding the existence and nature of the intra-and intermolecular interactions in the solid state structures. We analyzed the charge density by using Bader's Quantum Theory of Atoms in Molecules (QTAIM) [40] , which has been successfully used to study the nature of these normally weak interactions. For the first stage, we studied the electronic properties of free ligands and how these properties change in the formation of either Au(I) or Au(III) complexes with structurally rather similar N,N ligand 2-mercapto-1-methyl-imidazole (complexes 2b and 2) or N,S ligand Nmethylbenzotiazolidinethione (3b and 3). The results are listed for selected bond critical points in Table 5 . The structures of the optimized complexes with the bond paths and bond critical points are shown in Fig. 5 The numbering of the atoms in Table 5 follows the numbering scheme in Figures 1   and 3 . Table 5 . The larger electron density at the S(1)-Au bond, the larger interaction energy, and the larger bond delocalization index all indicate stronger interaction and more stability for the Au(I) complexes. In addition, experimental findings indicated that both oxidation states are present in solution, which means that the stability of the complexes would be rather similar.
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Another aim was to obtain information on the interactions which determine the crystallization of the Au(III) compounds 1 and 2. The extended model of the crystal structure of 2 including four molecules at the same layer is shown in Fig. 7a . The results were compared to a previously studied crystal structure of Au(I) compound 3b with an N-methylbenzotiazolidinethione ligand (Fig.   7b ).
[28] It should be noted that also larger models, including 7 or 8 molecules for 1 and 2, respectively, in two adjacent layers, were calculated in order to study the intermolecular interactions between the layers. The larger models are presented as supplementary material (Figures S7 and S8) 
In both structures (and also in the structure of 1), most of the intermolecular interactions originate from the chlorine trans to the thione sulfur (BCPs 1-4 in Fig. 7 ). This is again an indication of larger charge transfer from the ligand all the way to the Cl (1) 
Experimental
Materials and methods
X-ray Structure Determinations
The crystals of 1 and 2 were immersed in cryo-oil, mounted in a Nylon loop, and measured at a temperature of 100 and 120K, respectively. The X-ray diffraction data were collected on a Nonius KappaCCD (1) or NoniusKappa Apex II (2) diffractometer, using Mo Kα radiation (λ = 0.710 73 Å). The Denzo-Scalepack [33] , program package was used for cell refinements and data reductions.
The structures were solved by direct methods using the SHELXS-97 [34] program with the WinGX [35] graphical user interface. A semi-empirical absorption correction (SADABS) [36] was applied to all data. Structural refinements were carried out with the use of SHELXL-97. [34] For both 1 and 2, hydrogen atoms were positioned geometrically and constrained to ride on their parent atoms, with C-H = 0.95-0.98 Å and U iso = 1.2-1.5 U eq (parent atom). The crystallographic details for 1 and 2 are summarized in Table 1 .
Computational Details
All models were calculated with the Gaussian 09 program package [37] at the DFT level of theory.
The hybrid density functional PBE0 [38] was utilized together with the basis set, consisting of the def2-TZVPPD [39] effective core potential basis set with a triple-zeta-valence basis set with two sets of polarization and diffuse basis functions for Au atoms, the standard all-electron basis sets 6- Full optimizations were performed on the free ligands and separate complex molecules before the AIM analysis. The more extended models of the solid state structures were directly cut from the corresponding experimental crystal structures and analyzed without geometry optimization.
Frequency analysis without scaling was performed in order to simulate the IR spectra of the optimized complex molecules, and also to ensure that the optimized structures were minima.
Absorption characteristics were studied with the TD-DFT method at the same level of theory as the optimizations. Solvent effects of the CH 2 Cl 2 solvent were calculated via the conductor-like polarized continuum model (CPCM). [43] 
Conclusions
Oxidation state III of gold was preferred in solid state derivatives of N,N´-substituted thiones.
The main reason for the persistence of oxidation state III in a crystalline state was found to be weak intra-and intermolecular hydrogen bond and halogen bond interactions. The effect of the oxidation state on the electronic properties of the compounds was investigated via spectroscopic methods and computational DFT calculations.
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